This paper presents genetic algorithm based method for antenna placement in 3D space and parameter determination satisfying environmental electromagnetic field pollution constraints. The main goal is to find out antenna parameters (power, position in 3D, azimuth and elevation) in the area of interest so that electromagnetic field satisfies minimal electromagnetic field strength for service availability and, at the same time, be below prescribed limit in restricted subareas (people populated areas). The proposed method is validated with two real world antenna types and with seven different terrain configurations (various restricted areas). Besides finding the most optimal antenna parameters, the method finds "almost" optimal solutions which give certain freedom to choose alternative antenna position if optimal is not available. The investigation described here is extension of previous 2D research.
Introduction
Many of the problems found in telecommunications can be formulated as optimization tasks. Some examples are assigning frequencies in radio link communications, developing error correcting codes for transmission of messages, and designing the telecommunication network. In practice, most of these optimization tasks are unaffordable with exact techniques. In this sense, Evolutionary Algorithms have constituted a popular choice [1] .
Radio network design is a fundamental problem in cellular networks for telecommunications. In these networks, the terrain must be covered by a set of base stations (or antennae), each of which defines a covered area called cell. The problem may be reduced to figure out the optimal placement of antennae out of a list of candidate sites, trying to satisfy two objectives: to maximize the area covered by the radio signal and to reduce the number of used antennae [2, 3, 4, 5] . In this paper we were solving a similar task, but yet a different one.
Excessive electromagnetic fields which can be dangerous to people is of increased concern because of exposition of living organisms to more and more sources of electromagnetic fields (radio, TV, GSM, WiFi, etc.). Determination of various antenna parameters (power, position in 3D, azimuth and elevation) is difficult because there is a complex interaction of various sources of electromagnetic fields and specific area configuration (residential areas). In previous papers, the authors investigated the problem with uniform and nonuniform transmitter radiation diagram in 2D [6, 7, 8] and with uniform transmitter radiation diagram in 3D [9] to find out suitable antenna placement optimization method. Based upon promising results [6, 7, 8, 9] , the authors here use genetic algorithm to optimize electromagnetic field distribution in 3D space for antenna with real-world spatial radiation diagram. There are six vari-able antenna parameters: radiation power, position in 3D (x, y and z), azimuth and elevation. The constraints are minimum electromagnetic field strength (minimum service availability) in the whole area of interest and, at the same time, maximum allowable electromagnetic field strength (health hazard) in the restricted subareas (buildings or other populated areas). In this paper, two types of antennas are used and the results are presented.
Investigations
Presumptions in the investigations described here were that the area of interest is a space dimension of 200 m × 200 m × 40 m (width x length x height) and that the transmitter has to be positioned within this space. Inside that space, different shapes of restricted subareas are defined. Restricted subareas are the areas where humans permanently or often reside (e.g. buildings) and wich are subject to electromagnetic pollution health hazard. It is assumed that restricted areas are transparent regarding electromagnetic field propagation.
Electromagnetic field is calculated for uniformly distributed points in this space. Calculated points are evenly distributed in the space and the distance between adjacent calculated points in x, y and z axis direction is 1 m. This means that there are 200 2 × 40 = 1, 600, 000 observed points for which electromagnetic field strength is calculated. Transmitter antenna can be po- The goal is to find optimal antenna position, its direction in the space and its power, to satisfy electromagnetic field constraints in the restricted subareas and, at the same time, to satisfy the reception level of electromagnetic field in the whole area. Electromagnetic field has to be lower than prescribed pollution health hazard limit in restricted subareas and it has to be above prescribed reception limit in the whole observed area (200 m × 200 m × 40 m).
Strength of the electromagnetic field can be calculated according to [10] :
where:
15 -effectively isotropic radiated power, ERP -effectively isotropic radiated power in respect to half wavelength dipole (in the investigations described here, ERP is limited to 5dbW ≤ ERP ≤ 35dbW), F (ϕ, ϑ ) -damping factor of electric field which is a function of deflection angles from direction of maximum in azimuth ϕ and elevation ϑ , d -distance from the antenna.
In this investigation a damping factor is a horizontal and a vertical radiation diagrams of an antenna with a nonuniform radiation. Antenna manufacturers usually supply the numerical data of the damping factor for the step of one degree from 0 • to 360 • in two perpendicular planes. From these numerical data of a damping factor, mathematical functions which best fit the numerical data for each plane have been set up.
In this investigation, one type of antenna with two configurations has been chosen: K752921 (450 MHz, M=80, D=25; further in the paper it will be referred to as antenna 1) and K752921 (450 MHz, M=100, D=50; further in the paper it will be referred to as antenna 2) [11] . Based on the horizontal and vertical radiation diagrams, the following mathematical function has been chosen to analytically represent a damping factor:
Parameters from a 0 to a 6 of the above functions have been determined using program MATLAB and Optimization Toolbox [12] . For this purpose, a function lsqcurvefit from Optimization Toolbox has been used for solving a nonlinear curve-fitting (data-fitting) problem in the least-squares sense with the method of preconditioned conjugate gradients. These functions approximate the numerical data of a damping factor. Determined parameters for horizontal radiation diagram for type of antenna 1 are: Figure 1 shows the horizontal and the vertical radiation diagrams based on an analytical approximation of damping factor functions for antenna 1. Figure 2 shows the same data for antenna 2. Spatial radiation diagram for both antenna configurations are approximated according to [13] :
(4) Figure 3 shows spatial radiation diagrams for both antenna configurations based on equation (4).
Strength of the electromagnetic field in threedimensional space has been observed, so the equation for it is:
x 0 , y 0 and z 0 are coordinates of the transmitter location.
Optimal transmitter parameters (power, position, azimuth and elevation) have been determined using a genetic algorithm. Program MATLAB version 7.11.0.584 (R2010b) with Global Optimization Toolbox version 3.1 has been used for this purpose [14] . Fitness function which needs to be minimized is:
min (E) -minimal total strength of the electromagnetic field in the whole observed area, E -mean strength of the electromagnetic field in the whole observed area, E k -mean strength of the electromagnetic field in the restricted subareas.
Fitness function (6) is original and was obtained empirically (the authors tried several different fitness functions and decided that this one has the best features for investigated problem). Fitness function mentioned above has been used for genetic algorithm population's individuals which satisfied the criteria of maximal (E max = 10V/m, for restricted subareas) and minimal (E min = 0.1V/m, for signal reception) strength of the electric field. If a GA individual did not satisfy these criteria then its fitness function was multiplied by penalty factor of 1000.
Representation of an individual is a 6 components vector of real numbers: 
Results and Discussion
To verify the method, seven cases with a different number, size and shape of restricted subareas were chosen (maximal strength of the electric field was E max = 10V/m and minimal strength of the electric field regarding signal covering was E min = 0.1V/m). Procedure was performed separately for each type of antenna configurations. Optimization computation was performed on Microsoft Windows 7 (32-bits), MATLAB version 7.11.0.584 (R2010b) with Global Optimization Toolbox version 3.1. The computer used for this purpose was equipped with Intel Core 2 Duo E6600 2.4 GHz processor and with 3 GB of DDR2 (800 MHz) RAM. In Table 2 the best individuals from the last generation are presented for all seven restricted subarea configurations and for a minimal strength of the electric field E min = 0.1V/m for antenna 1. Data represents transmitter power ERP, transmitter location (x 0 , y 0 , z 0 ), horizontal direction (azimuth) ϕ 0 , vertical direction (elevation) ϑ 0 and fitness function value f . In Table 3 the same is presented for antenna 2.
Duration of computation for optimization procedure for antenna 1 was between 171 and 173 minutes for cases from 1 to 7, and for antenna 2 it was between 167 and 178 minutes.
In following figures example of some results are presented. Contour and values of strength of the electromagnetic field in the whole observed area for the best individual are presented for various cases of the restricted subareas configuration. In Figure 4 , contour and values of strength of the electromagnetic field in the observed area for the best individual for the 5 th case of restricted subarea configuration for antenna 1 and for 0 m, 20 m and 40 m heights. In Figure 5 , the same is shown for the best individual for the 7 th case of restricted subarea configuration. In Figure 6 , contour and values of strength of the electromagnetic field in the observed area for the best individual for the 5 th case of restricted subarea configuration for antenna 2 and for 0 m, 20 m and 40 m heights. In Figure 7 , the same is shown for the best individual for the 6 th case of restricted subarea configuration.
In real world applications, available transmitter locations are restricted and it may not be possible to place transmitter on the positions determined by the best individual from a GA run. In such a case it is possible to choose one of the other "good" individuals from a GA run. This may not be the best set of transmitter parameters (a GA individual), but still good enough regarding initial conditions. Figure 8 shows examples of transmitter positions (a GA individuals from the last generation) for the 5 th and the 7 th cases of restricted subarea configuration for antenna 1, while Figure 9 shows Table 2 . The best individuals from the last generation for a minimal strength of the electric field E min = 0.1V/m for antenna 1. 
Conclusion
Based upon previous investigations [6, 7, 8, 9] and here obtained results for two antenna types and various terrain configurations, it can be concluded that the method is promising and can give satisfactory results. Although the method is quite computing demanding comparing to 2D problems [6, 7, 8] , it is still quite acceptable for ordinary and inexpensive equipment (office PC). The main reason for excessive computing requirements is the number of points in the 3D for which electromagnetic field strength has to be calculated. Aside from that, the method is simple, straightforward and independent of terrain configuration or antenna type. Additional method benefit are "almost" optimal solutions which give certain freedom in antenna placement and avoidance of prohibited placement positions for the antenna. Future investigation will include more than one antenna, where antennas can be of different types, few antennas can be positioned in the same point in 3D (on the same support pole) etc. His research activity is in technical sciences, computer engineering and artificial intelligence and his area of special research interest is evolutionary algorithms, neural networks and fuzzy logic. His current position is that of an associated professor at the Faculty of Textile Technology, University of Zagreb. He has published 39 papers, delivered 15 presentations at international conferences; he is co-author of several university handbooks and two university textbooks.
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